We consider an opportunity of measuring the train-averaged parameters of picosecond optical pulses with asymmetric envelopes being arranged in high-frequency repetition trains and corrupted by additive Gaussian noise. In so doing, one can exploit the temporal triple auto-correlation function, whose Fourier transformation gives the bispectrum of signal. The advantages of similar auto-correlation function consist in the capability of recovering signals almost unambiguously and low sensitivity to noise. We implement the technique and algorithmic investigation for recognizing the width as well as the magnitude and the sign of the frequency chirp peculiar to pulses with Gaussian-like, rectangular, and smooth asymmetric shapes.
INTRODUCTION
The triple correlation of an ordinary function on the real time is the integral of the product of that function with two independently shifted copies of itself. Triple correlation methods are frequently used in signal processing for treating signals that are corrupted by additive Gaussian noise; in particular, triple correlation techniques perform well when multiple observations of the signal are available and the signal may be translating in between the observations, e.g. a sequence of images of an object translating on a noisy background. The triple correlation particularly suitable for such tasks have three properties: (1) it is invariant under translation of the underlying signal; (2) it is almost insensitive to additive Gaussian noise; and (3) it retains most of the phase information in the underlying signal [1] .
The triple correlation is less popular that the standard correlation for several reasons: the triple correlation is sometimes too difficult to process and to observe. Triple correlation is small for many bipolar or complex signals, than mathematics associated with triple correlation is better known. On the other hand, the triple correlation knows more about the signal than does the ordinary auto-correlation. The triple correlation is very important because the underlying mathematical tools and report presents where triple correlation were employed for studying for example the pulses shapes, astronomical speckle interferometry [2] .
Another case is the intensity distribution at the exit of a Young-Michelson interferometer is analyzed in Fourier domain. It shows that two numbers are necessary for describing properly the variation of the visibility of the interferogram fringes. One of them is the complex degree of spatial coherence, which describes the correlation between the contributions from the Young's slits. The second number describes the correlation between the Young's interferograms reflected by the mirrors of the Michelson interferometer, that is, the correlation of optical fields that contain another correlation term.
It has long been recognized that the term coherence plays a fundamental role in optics, in order to denote the correlation properties to different orders of the optical field. Furthermore, it is accepted today that complete coherence requires significant correlation values to an infinite succession of orders [1, 2] . So, spatial coherence properties revealed by a simple Young's experiment are referred to as second order spatial coherence [2] . It describes the tendency of two values of the optical field at distantly separated points to take on correlated value. Its basic quantity is the complex degree of spatial coherence [3] .
THE TRIPLE AUTO-CORRELATION FUNCTION FOR A ONE-DIMENSIONAL SIGNAL
The triple auto-correlation function of the signal ) t ( F is determined by the following integral
The Fourier transformation of Eq. (1) 
where
has two following symmetries 
so that just in this particular case even one eight of the frequency plane ) f , f ( . If a system is linear in behavior and temporally invariant relative to the signal ) t ( F , this system is linear in behavior and temporally invariant relative to the triple auto-correlation function as well. It follows from the constraint equation coupling the input and output temporal signals, ) t ( F in and ) t ( F out , through the response function
It is seen from Eqs. (2) and (5b) that are the corresponding response functions.
Then, Eq. (2) shows that the bispectrum becomes to be not varied when an arbitrary exponential factor is included into the spectrum of the temporal signal. Let us take
, where γ is an arbitrary complex-valued constant. In this case, one can calculate
This example demonstrates that the process of recovering the signal from the triple auto-correlation function or the bispectrum can be not always unambiguous and conclusive. Now, we can illustrate these considerations by a few particular graphical cases. Figures 1 and 2 demonstrate the envelopes, triple auto-correlations, and bispectra for typical Gaussian and rectangular pulses of unit width given by a) ( )
The corresponding analytical expressions describing Figs. 1b, 1c, 2b, and 2c are described by a) c. c. Figure 1 . The envelope, triple auto-correlation, Figure 2 . The envelope, triple auto-correlation, and bispectrum for real Gaussian pulse.
THE ALGORITHM OF RECOVERING THE TEMPORAL SIGNAL FROM ITS TRIPLE AUTO-CORRELATION FUNCTION
and bispectrum for real rectangular pulse.
where α and β are some constants. This fundamental equation from the theory of complex functions cannot be applied directly to any arbitrary function of two variables. . Then, one can retrieve
To that end we concentrate on a straight line, being parallel to the 1 f -axis, but above it by one sampling step f δ . , one can derive from Eq.(14) the following phase equation 
APPLICATION TO THE CHARACTERIZATION OF PICOSECOND OPTICAL PULSES
A few years ago it became possible to generate optical pulses whose widths lie in pico-and femtosecond rages. Since a new field of researches had been developed, and now the pulse durations reported by experiments are approaching the theoretical limits [4, 5] . Nevertheless, up to now there are no detectors being fast enough to measure such ultrashort pulses directly. That is why a lot of the elaborated methods of measuring are based on the analysis of various auto-correlation functions.
Unfortunately, the auto-correlation functions of the second order is symmetric in behavior, so that they cannot give us any information about asymmetry if optical pulses under investigation. At this point, one can benefit from a triple autocorrelation, which can provide the true pulse shape. A triple-intensity correlation interferometer is shown in Fig.3 . This interferometer can be exploited to record the raw data of the experiments with a sequence of ultrashort optical pulses.
The triplet of arms of this interferometer provides mutually delayed pulse trains with the intensities ) t t ( I 1 + and
together with the non-delayed intensity ) t ( I . Mixing of these three pulse trains on nonlinear crystal with the resulting third-harmonic generation, one can obtain the intensity triple auto-correlation function
Once the intensity triple auto-correlation function of the optical pulses is known, the pulse shape ) t ( I can be reconstructed using the algorithm described the previous section. Figure 4 illustrates the corresponding steps of such a reconstruction. Thus, this technique makes possible measuring asymmetric envelopes of ultrashort optical pulses and recovering signals almost unambiguously. When the calculation with the phase becomes, better results are obtained, because we have but parameters and these cause that you have yourself but typical of the asymmetric pulse. This can be explained because the equations for the intensity of the asymmetric pulse are: 
The amplitudes of asymmetric pulse are given by the parameters A and B, the parameters a, b are additives constants; the amplitudes and width of the asymmetric pulse are different; because we used the asymmetric pulse, these equations are used for the estimations of auto-triple correlation and the bispectrum. The difference is remarkable, because better contrast is had and apart from which the central profile of the defined asymmetric pulse this best one. In this case is possible to observe the triple auto-correlation has a better form, because we used the phase of the asymmetric pulse, when we used the phase we have more terms in the equations and for this we have more details in the graphics, in figure 5 illustrates the corresponding steps of such a reconstruction with the phase. The real and imaginary parts of the biespectrum have similar behavior, in the reconstruction of the asymmetric pulse we have more details which is possible to use. This is possible to observe in the next figure: With this figure 6, it is possible to see the differences of the calculation with phase and without phase, the results are important because better form of the asymmetric pulse is had.
CONCLUSIONS
The intensity triple auto-correlation function of the optical pulses is known, the pulse shape ) t ( I can be reconstructed using the algorithm described in this article. Figure 4 illustrates the corresponding steps of such a reconstruction. Thus, this technique makes possible measuring asymmetric envelopes of ultrashort optical pulses and recovering signals almost unambiguously. We used the phase of the different pulse and with this are possible to observed better behavior or form of the pulse and we have more details in the reconstruction of these pulses.
We implement the technique and algorithmic investigation for recognizing the width as well as the magnitude and the sign of the frequency chirp peculiar to pulses with Gaussian-like, rectangular, and smooth asymmetric shapes. In this case is using the technique of interferometer, with the measurements and the use of the triple correlation.
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